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Abstract 
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associated with variability in the results of the nearpoint alternate cover test (NACT). Two previous 
studies have shown that when the examiner is positioned to the side of the patient, rather than directly in 
front of the patient, the NACT shows greater exophoria in the range of 1.3 to 4.4 prism diopters. In the 
current study, we sought to determine if proximal cues or effective prism power might be the source of 
the apparent exo shift associated with examiner position. NACT was performed on 52 subjects, with each 
subject measured under three conditions. 1. Examiner directly in front of the subject, measuring prism 
held in the frontal position. 2. Examiner 30 degrees right of subject, measuring prism held in the frontal 
position. 3. Examiner 30 degrees right of subject, measuring prism rotated 30 degrees toward the 
examiner. Results showed a small significant increase in measured exophoria when the examiner 
administers the NACT from a position to the side of the subject. The magnitude of the increase, 0.98 
prism diopter, was less than in the previous studies. Intentionally rotating the measuring prism had a 
nominal effect on the measured phoria value consistent with error induced due to effective prism power. 
It appears that examiner position does affect the outcome of the NACT, but that the magnitude of the 
effect may be only clinically significant with neutralization of large heterophorias. A change in proximal 
cues may contribute to the effect. 
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ABSTRACT 
This study was designed to resolve uncertainty concerning whether the position of 
the examiner is associated with variability in the results of the nearpoint alternate cover 
test (NACT). Two previous studies have shown that when the examiner is positioned to 
the side ofthe patient, rather than directly in front of the patient, the NACT shows greater 
exophoria in the range of 1.3 to 4.4 prism diopters. In the current study, we sought to 
determine if proximal cues or effective prism power might be the source of the apparent 
exo shift associated with examiner position. NACT was performed on 52 subjects, with 
each subject measured under three conditions. 1. Examiner directly in front ofthe 
subject, measuring prism held in the frontal position. 2. Examiner 30 degrees right of 
subject, measuring prism held in the frontal position. 3. Examiner 30 degrees right of 
subject, measuring prism rotated 30 degrees toward the examiner. Results showed a small 
significant increase in measured exophoria when the examiner administers the NACT 
from a position to the side of the subject. The magnitude of the increase, 0.98 prism 
diopter, was less than in the previous studies. Intentionally rotating the measuring prism 
had a nominal effect on the measured phoria value consistent with error induced due to 
effective prism power. It appears that examiner position does affect the outcome of the 
NACT, but that the magnitude of the effect may be only clinically significant with 
neutralization of large heterophorias. A change in proximal cues may contribute to the 
effect. 
INTRODUCTION 
The alternating cover test is an important clinical test that screens for binocular 
abnormalities and will qualify and quantify a patient's strabismic or heterophoric posture. 
This test is a valuable assessment tool and offers high test-retest repeatability and 
reliability. 1-5 However, there is no set standard given in the literature about how the test 
should be administered, especially regarding near cover testing. In the process of 
researching the literature related to examiner position relative to the patient, the authors 
were unable to fmd a clinical standard upon which to base the current study. A possible 
reason for inter-examiner clinical differences is that there is no universally accepted 
clinical standard for the position of the examiner. Many references offered vague 
descriptions of position, but none gave a definitive clinical set-up for test administration. 
Carlson et al reported "the examiner must be positioned to see the patient's eye easily 
without interfering with the patient's view of the target."6 Grosvenor states "The 
practitioner is seated opposite the patient, with his or her head positioned so that it does 
not block the patient's view of the target."7 Von Noorden describes the procedure at near 
as a midline measurement and states," ... the examiner may fix a small (Snellen) card to 
the bridge of his glasses."8 In Barish's Clinical Refraction 2nd edition it is stated that 
"The operator must. .. assume a position which enables him to see the movement of the 
occluded eye, both behind the occluding card and after it is removed."9 The next edition 
ofBorish however, changed the procedure. This edition was revised from the previous to 
say "The clinician is seated beside the patient, and in front ofthe patient by a short 
distance of perhaps 25 to 40 em ... The movement of the occluded eye will not be visible 
to the clinician."10 
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At least two studies exist that explore the different phoria values measured 
depending on examiner position. Both studies compare cover test phorias taken with the 
examiner directly in front of the patient versus phorias measured when the examiner is 
positioned to the side of the patient. The studies have revealed different results. Sparks 
reported an increase of 4.4 prism diopters (.c..) of exophoria among exophoric subjects in 
an off-midline examiner position. 11 A later study by Clark, et al. 12 attempted to replicate 
Sparks' findings using methods that were better defined than those reported by Sparks. 
Clark, et al. found an increase in the exo direction of only 1.3 .c. when the examiner 
position was changed to peripheral orientation (1.2 .c. for exophoric subjects). 
Intrigued by this rather large discrepancy the authors considered possible 
variables that could cause such a difference in results. Upon further review of the two 
previous studies, we discovered that neither study had controlled for the alignment or 
calibration of the prisms used. We believe an understanding of prisms and effective prism 
power may be a key factor in the difference in results. 
Thompson and Guyton reviewed measurement errors associated with improper 
use of prisms when neutralizing cover test measurements. 13 These errors are chiefly due 
to holding a measuring prism in a way other than that for which it is calibrated. Different 
prisms are calibrated to be held in different positions. Holding the same prism in different 
positions will yield different effective prism powers. Plastic prism bars manufactured by 
Gulden are calibrated to be held in the frontal position, in which the ocular surface (flat 
side) of the prism is parallel to the frontal plane of the patient. 13 In the case of a frontal-
calibrated prism being rotated about a vertical axis to allow the examiner to have an 
easier view of the eye, the measured value would be less than the true phoria or tropia. 
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This measurement error occurs because the effective power of the prism increases when 
it is rotated away from the position for which it is calibrated. In the present study, we 
attempt to determine if the reported difference in the two previous studies could be due to 
prism orientation, as well as to attempt to replicate the past studies' findings that when 
the examiner is positioned to the side of the patient, the phoria measures more exo. 
METHODS 
Subjects 
Volunteer subjects (n=52) were recruited from the first-year optometry class at 
PUCO. The study took place during the second week that the students were on campus 
so they were naYve regarding the cover test. Subjects were screened prior to testing to 
insure that each met the following eligibility criteria (identical to those used by Clark, et 
a1).12 
a. Absence of any systemic or ocular disease that might affect the outcome of the 
measurement. 
b. Habitual (unaided or aided) visual acuity of at least 20/25 in each eye, tested at 
40 em with a Snellen near point card. 
c. Stereopsis of at least 550 seconds of arc, tested with the Lang stereoacuity card. 
d The spherical component of any habitual Rx had to be between +5.00D and 
-5.00D. Any anisometropia had to be less than l.OOD. Any cylindrical component was 
- 2.50D or less. 
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e. At least 5.00 diopters of accommodative amplitude, determined using Snellen 
letters of 20/40 demand presented at 18 em. 
No phoria measurements were made during the subject screening. 
Each subject signed an informed consent form outlining the study, and was 
assigned an identification number for data entry purposes. Participating subjects received 
extra course credit in one oftheir classes as incentive for participating in the study. 
Examiners 
Four examiners were utilized during the study. Two were second year interns and 
two were third year interns. One intern was exclusively assigned to do the screening and 
pre-testing criteria, with the other three doing the cover test measures. By rotating the 
examiners between testing stations and testing conditions, and rotation of the subjects 
after each measurement, any examiner bias was reduced. 
Testing environment 
All testing other than pre-screening was conducted in an examination lane used 
for clinical procedures instruction at PUCO. The room contains nine three-meter 
mirrored lanes in a circle, all facing the center of the room. The 3 m length was 
determined to be insignificant due to all tests being performed at 40 em. One examiner 
was placed on lane one, the next on lane four, and the third on lane seven, thus 
maintaining distance to avoid confusion during patient instruction sets. The equipment at 
each lane was standard, and each was identical to the other. Each lane was specifically 
configured to measure one of the three conditions being tested. Lane one was configured 
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for the frontal-frontal (FF) condition, where the prism bar is held with the back, or flat 
side, parallel to the frontal plane of the subject and the examiner was directly in front of 
the patient. Lane four was configured for the peripheral-frontal (PF) condition, where the 
examiner was offset 30 degrees to the patients right and the prism bar was held in the 
frontal plane position. Lane seven was configured for peripheral-turned (PT) condition, 
where the examiner was offset 30 degrees to the patient's right, and the prism bar was 
held so the back of the prism bar was perpendicular to the examiners line of sight. See 
Figure 1 
***INSERT FIGURE 1 about here***. 
Reference marks were placed on the walls surrounding the subject to ensure 
proper examiner positioning for each measure not taken on midline. Plumb bobs were 
hung from the ceiling above each chair for two purposes. First, each subject was aligned 
so that the plumb bob was directly centered at his or her forehead. Then, by aligning the 
plumb bob with the pre-measured marks on the wall, the examiner was able to maintain a 
consistent 30-degree position during the testing procedure. See Figure 2. 
***INSERT FIGURE 2 about here *** 
An alignment laser was mounted on each of the prism bars used during testing. See 
Figure 3. 
***INSERT FIGURE 3 about here*** 
Targets were placed on the wall corresponding either to the prism being in frontal 
position (lane 1 & 4) or turned position (lane 7). By keeping the laser on the wall target, 
the examiner was able to ensure proper prism alignment during the testing procedure. 
Lanes 4 and 7 (where peripheral measurements were taken) were also fit with a proximal 
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cue placed where the examiner would be during the frontal measurement. This consisted 
of a piece of blank cardboard, 30cm wide and 35cm tall attached to the patient's side of 
the slit lamp table. The table was then pulled out in front of the subject's line of sight to 
the approximate position of the examiner during a frontal measurement. This was done 
to minimize any differences between the test conditions due to proximal effects. See 
Figure 4. 
***INSERT FIGURE 4 about here*** 
The near point target was held on a small board, 16cm x 32 em with a hole drilled 
in the center. Through the hole an adjustable rod extended up to the eye level of the 
subject. Attached to the rod was a single Snellen 20/20 letter. See Figure 5. 
***INSERT FIGURE 5 about here*** 
The near point target was essentially identical to the target used by Clark, et al. 12 All 
measurements were taken with identical prism bars manufactured by Gulden (calibrated 
for frontal plane position). 
Procedure 
Immediately following pre-testing, subjects came into the testing area in groups of 
three. Each was randomly assigned a station where an examiner was waiting. The 
examiner positioned the seated subject so the forehead was aligned with the plumb bob 
hanging from the ceiling. The subject was then asked to hold the target board flat on their 
lap and the height of the nearpoint target support rod was adjusted to the subject's eye 
level. A standard nearpoint lamp was adjusted to illuminate the target. Each subject 
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wore proper refractive compensation if necessary. The examiner then read a set of 
instructions. Each subject received this same instruction set at each measurement. The 
instruction set included the purpose of the test, instructed the subject to keep the letter in 
sharp focus throughout the test, and not to talk or move the near target once it was placed 
40cm in front of them. The examiner then took the measurements, each time recording 
the first eso and first exo movements with alternate cover test. Each examiner started 
with the prism bar base in, increasing prism power until the first eso movement was 
noted, then decreasing base in (and into base out if necessary) to measure the first exo 
movement. The occluder was held at least 1 second before the eye, and was moved 
quickly to the fellow eye. When the testing was complete, the subject rotated to the next 
station, where the cover testing procedure was repeated, but with a change in examiner or 
prism position as specified. After each subject had been measured at each station, they 
departed and the next three entered the room. Examiners rotated stations every 10 
subjects to further control for bias or examiner error. 
RESULTS 
The data were entered into an Excel spreadsheet then imported into Statview, and 
analyzed using one factor ANOV A with repeated measures. There were two separate 
independent variables tested: effect of examiner position and the effect of prism 
orientation on the phoria measurement. The dependant variables in the analysis were 
prism power required to obtain the first eso movement, first exo movement, and the mean 
ofthe two values. See Table 1 for a summary of the obtained data. 
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*****INSERT TABLE 1 about here***** 
Upon comparison of the change in examiner position (the change from frontal to 
peripheral examiner position while the prism remained in frontal plane position, FF vs. 
PF), there was a statistically significant change in the mean prism values (F=4.85, 
p=0.0097). The mean prism value change was 0.981:::. in the exo direction. The change in 
the prism value needed to observe the first eso motion was also significant (F=6.93, 
p=0.0015) with a shift of 1.29 6 in the exo direction. The difference in prism value needed 
to observe the first exo motion was not significant (0.67~:::.), but the phoria values shifted 
in the exo direction as predicted by previous studies 11' 12 and were consistent with the 
other two measures in this study. 
Comparison of the changes wrought by altering prism orientation from a frontal 
plane position to a turned position (examiner remained in the peripheral position, PF vs. 
PT) was significant for the prism value needed to observe the first eso motion (F=6.93, 
P=O.OO 15) with a total decrease of 1.121:::. (when the prism bar was held in the turned 
position, less average prism power was necessary to yield the first eso movement). The 
differences between mean prism value measurements and first exo prism values 
(difference of .24 1:::. and . 64 1:::. respectively) were not significant. See table 2 
***INSERT TABLE 2 about here*** 
Discussion 
The first comparison analyzed in this study was the change in examiner position 
from frontal to peripheral. As shown in Table 1, there were significant changes in the 
mean prism value and in the first eso measurement. Both values revealed an exo shift in 
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neutralized phoria values. The first exo measurement, though not significant, showed the 
same trend in the exo direction. The reason for these differences when examiner position 
changes, is not completely understood. Previous authors postulated that proximal cues 
were reduced when the examiner was to the side, thus the subject measured more 
exophoria. 12 This study attempted to reduce proximal effect with a visual target in front 
of the subject during the peripheral measurement. With the proximal cue in place, we 
found an average of 0.51 ~ less exo shift associated with the peripheral examiner position 
than did Clark, et al. 12 This reduction in the effect suggests that proximal cues are likely 
part of the reason for the shift. Sparks did not mention any attempt to control proximal 
effects and reported a much greater difference in measured phoria values, 4.4 1:1 greater 
exo for exophoric subjects, when the examiner was positioned to the side of the subject. 11 
The second comparison analyzed in the current study was the shift in measured 
phoria with a change in prism orientation from the frontal plane to turned position. 
Mathematically (optically), rotating the prism increases its effective power. This would 
cause the examiner to neutralize a phoria with a prism power less than the actual phoria. 
For example, a 6 1:1 prism that is rotated 10 degrees out of its calibrated position will have 
an effective power of 6.208 ~. When prisms of higher powers are rotated, the effective 
power increase is greater: a 25 1:1 prism that is rotated 10 degrees out of its calibrated 
position will have an effective power of 26.543 1:1. The farther out of the calibrated 
alignment the prism is held, the greater the deviation: a 25 1:1 prism that is rotated 30 
degrees with have an effective power of 34.428 1:1. See Table 3. 
***INSERT TABLE 3 about here*** 
9 
The significant change in the current study relative to prism effective power was found in 
the measurement of the first eso movement. As predicted by the effective prism power 
calculation, the measured phoria values were less when the prism bar was rotated. The 
mean value trended in the same direction, but was not significant. The fist exo 
measurement did not follow the pattern. Due to the fact that measured phoria changes due 
to prism rotation closely follow the trend of the calculated change for the same initial 
phorias, (compare Table 1 to Table 3), we can assume that larger phorias and tropias will 
also follow the pattern of the calculated prism effectivity. Clinically, this becomes 
especially important when neutralizing higher heterophorias or tropias, as improper 
orientation of prism for these larger values will induce larger errors. See table 3 above. 
The authors recommend that any practitioner should be familiar with the appropriate 
orientation of the prisms they use, based on the prism's calibration. An understanding of 
prism calibration and good clinical technique will allow more accurate assessment and 
better clinical judgements. 
The two previous studies reported markedly different results associated with 
examiner position change. Our results are more consistent with those found by Clark, et 
al. 12 than those reported by Sparks. 11 We initially hypothesized that the previously 
reported differences in measurements might be due to inappropriate prism rotation during 
the peripheral measurements. After reviewing the data from each study and calculating 
potential errors due to prism rotation, neither Sparks' difference of 4.38 11 nor Clark, et 
al. 's difference of 1.3 11 can be due to prism rotation alone. The average phoria values of 
the subjects in each study were too low to yield such large differences with rotation of 
relatively small prism powers. Therefore we must conclude that 1) examiner position 
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does play a role and is a factor in correctly measuring nearpoint phoria values using 
alternate cover test; and 2) the magnitude of the effect of examiner position appears to be 
much smaller than initially reported by Sparks. 
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Legends 
Figures 
Figure 1: Overhead view of each of three testing positions, in order, left to right: Frontal-
Frontal, Peripheral-Frontal, and Peripheral-Turned. 
Figure 2: Overhead view of exam lane and alignment system during measurements taken 
with examiner in the Peripheral position. 
Figure 3: Figure and photograph of prism bar with attached alignment laser. 
Figure 4: Schematic of proximal target relationship to subject and nearpoint target. 
View represented is from behind and to the side of the subject, over the right 
shoulder of the subject. 
Figure 5: N earpoint target. 
Tables 
Table 1: Mean of values, first eso and first exo of each testing position. 
Table 2: Measured prism difference between conditions. Numbers represent mean 
differences between conditions. Significant differences are shown in bold face. 
Table 3: Calculated expected prism values for varying prisms turned 10 degrees and 30 
degrees from the calibrated position. 
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Figure 2 
Wall , 
Exe.miner 
Alignment mark 
Subject 
Plumb bob 
Fixe.tion te.rget 
Proximal control . . ) 
(moved when exe.minerwas midline 
14 
Figure 3 
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Figure 4 
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Figure 5 
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TABLE#l 
Frontal Frontal Peripheral Frontal Peripheral Turned 
Position Position Position 
(In prism diopters) (In _2_rism diopters) (In prism diopters}_ 
MEAN -2.57 (s.d.=3.54) -3.55 (s.d.=3.45) -3.31 (s.d.=3.00) 
FIRST ESO -5.79 (s.d.=3.36) -7.08 (s.d.=3.23) -5.96 (s.d.=3.02) 
FIRSTEXO 0.65 (s.d.=4.03) -0.02 (s.d.=4.19) -0.65 (s.d.=3.52) 
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MEAN 
1St ESO 
151 EXO 
TABLE#2 
FF vs. PF 
-.98ll 
-1.29ll 
-0.67ll 
Table 2 Legend 
FF=Frontal Frontal position. 
PF=Peripheral Frontal position. 
PT=Peripheral Turned position. 
PF vs. PT 
-0.24ll 
-1.12ll 
+0.64ll 
Numbers signify mean differences between conditions. 
Significant differences are shown in bold face. 
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TABLE#3 
Ptism Power 1 0 degrees turned 30 degrees turned 
3 3.09 3.837 
6 6.208 7.755 
9 9.352 11.755 
15 15.715 19.997 
25 26.543 34.428 
35 37.606 49.569 
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Instruction Set: 
Please hold your forehead so that it just touches this (plum bob). Hold this devise flat on 
your lap while I adjust the height and distance. I would like you to look at the letter 
posted here. I will be passing this occluder from one eye to the other. Please keep looking 
at the letter, keeping it in focus at all times throughout the test. Please also keep your 
head as still as possible and do not speak. 
21 
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